Tympanometry is a useful means of evaluating the status of the middle ear. For the pediatric population, tympanometry is particularly valuable for determining the presence of middle ear effusion. The test has been incorporated in many school hearing conservation programs because of its ease of administration, objectivity, and diagnostic value. 2
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The completion of this thesis represents more than education, research, and writing skills. It represents how two people who are extremely burdened by a vast number of areas in their lives can learn to work together in a sense of cooperation and sharing. The resiliency of a marriage is tested during an undertaking such as this ... and we made it with flying colorslll Thank you for your intellect, direction, patience, forgiveness, and love. You are my joy. (Coffey, 1956; Lowe, Bamforth & Prach, 1963; Neil et al., 1966; Howie, 1977) . This is believed to be largely due to the development of the cranio-facial structures and the change in slope of the Eustachian tubes. Specifically, during childhood the tubal opening is set low in relation to the nasal passages and therefore there is greater risk of ear infection through the tubes. Normal functioning of the tube is also impaired by the presence of a larger amount of glandular tissue at the opening in children than in adults (Mawson, 1977) . Given the reduced occurrence of otitis media with age, the question arises as to whether the normal, daily variation in middle ear pressure is also reduced with maturation and development. 
DEFINITION OF HEARING LOSS
One of the primary goals of identification audiometry for the school-age child is to identify children at risk for inadequate functioning in the classroom due to hearing loss (Northern and Downs, 1984) . The degree of hearing loss necessary to cause a child's classroom functioning to become inadequate has been a subject of debate in the past. The American Speech-Language and Hearing Association (ASHA, 1981) reported "hearing impairment is defined as a deviation or change for the worse in either auditory structure or auditory function, usually outside the range of normal." The question of what constitutes auditory function "outside the range of normal" has never been adequately resolved. According to Northern and Downs (1984) "the problem is that no one has adequately defined the parameters of a hearing handicap nor described the best method for securing the necessary data for such definition."
In a hearing survey conducted by the Department of Health, Education, and Welfare, the prevalence of hearing loss in the 6-11 year old age group [according to the criterion of 26 dB hearing level (HL; ANSI, 1969) average loss at 500-2,000 Hz) was less than one percent (Leske, 1981 ) . This disagreed with a parental questionnaire from the same survey which indicated that four percent of the population had a "hearing handicap." Additionally, while parents reported a prevalence of hearing loss among children with abnormalities of the tympanic membrane, audiometric test results did not indicate significant hearing loss in those children. This study made it clear that audiometric screening according to the 26 dB HL criterion was failing to identify children with abnormalities not reflected by loss of pure tone sensitivity. For example, in a survey by Jordan and Eagles (1961 ) , it was found among children with otitis media, fully fifty percent had hearing levels lower (better) than 15 dB HL. This suggests that even a strict criterion of 15 dB HL screening (or testing) level would miss half of the children with middle ear pathology. According to Northern and Downs (1984) , these findings do not imply a lack of relationship between middle ear disease and hearing loss, but rather an incorrect definition for one or the other. They point out that while middle ear disease is an observable fact, hearing loss is a concept that must be defined. Kessner et al. (1974) conducted a survey of children, 4-11 year olds, using the more stringent screening level of 15 dB HL at 500-2,000 Hz. Among the 1 ,639 children screened, 2.2 percent failed for both ears and 4.5 percent failed for one ear. When data from the 4-5 year old age group was isolated, 4.1 percent of the children showed a bilateral hearing loss, a statistic that correlates well with data obtained from the department of Health, Education, and Welfare Survey (Leske, 1981 ) . Additionally, the mean hearing threshold of children with normal ears was 7.8 dB, while those with confirmed middle ear infection averaged 15.2 dB. With a mean threshold difference between the normal and affected ears of only 7.4 dB, it is clear that middle ear disease cannot be reliably detected by pure tone screening only.
According to Northern and Downs (1984) , "the occurrence of both ear pathology and hearing loss is age-related in all studies of prevalence." Kessner's (1974) data suggested that both the incidence of ear pathology and hearing loss peak at about age 2, and decline steadily to age 11 , after which time the incidence is the same as in the adult population. The maximum prevalence of ear pathology was 30 percent at age 2, declining to 15 percent at age 11. Prevalence of bilateral hearing loss was determined to be about 5 percent at age 2, and 1.9 percent at age 11. Hearing loss increased to 15 percent at age 2 when the criteria was a 15 dB HL loss in at least one ear (Kessner, 1974) . While unilateral hearing loss may appear to be unrelated to academic achievement, such a loss may have a greater effect than can be objectively measured (Northern and Downs, 1984) . Boyd (1974) found that 30 percent of children with unilateral hearing loss had a mean academic achievement lag of 1.12 years. These findings were confirmed by Bess (1982) .
For many years the 25 db HL average of pure tone thresholds at 500, 1 ,000, 2,000, and 3,000 Hz has been accepted as the cut-off of normalcy and impairment for adults, above which hearing loss is thought to become impairing (Northern and Downs, 1984) . This criterion may be appropriate in assessing the effect of hearing loss on adults, but is not realistic when applied to the communication needs of school-age children. The essential reason for this is that adults have acquired the ability fo "fill in missing sounds, a contextual strategy that is learned through years of speech and language experience." This is a strategy generally unavailable to young children who need to hear all speech sounds clearly in order to conceptualize the entire speech message.
This essential difference between children and adults has been elaborated by Skinner (1978) to include differences in: 1) speech sound categorization as a result of fluctuating hearing loss; 2) perception of acoustic parameters (duration, intensity and pitch) in rapid speech; 3) perception of plurality, verb tense, intonation, and stress patterns; 4) ability to perceive speech in a typical classroom signal-to-noise ratio of + 12 dB; 5) ability to discriminate and learn speech sounds as an infant; 6) ability to identify early words due to inability to hear the low-energy sounds; and 7) difficulty hearing stress patterns in the lowfrequency range, necessary to perceive the emotional content of speech. Dobie and Berlin (1979) studied the effects of a 20 dB HL hearing loss with the following findings: 1) morphological markers may be unclear; 2) short words in connected speech are often "lost"; and 3) intonation perception becomes distorted.
Using the previous information, Northern and Downs (1984; p. 10) propose the following definition for hearing loss: "A handicapping hearing loss in a child is any degree of hearing that reduces the intelligibility of a speech message to a degree inadequate for accurate interpretation of learning." Since many variables affect a child's ability to learn, it is difficult to isolate hearing loss alone as the singular cause. Thus, hearing loss is one of many parameters involved in the child's learning process. To further complicate the matter, what constitutes a hearing loss to one child may not affect another, i.e., the exact degree of a handicapping hearing loss is specific to any individual, child or adult.
MIDDLE EAR EFFUSION
Middle ear effusion is prevalent in the United States and other countries that primarily treat middle ear infections with antibiotics, whereas middle ear effusion is less prevalent in countries that principally utilize other methods of treatment (Northern and Downs, 1984) . This is thought to be due to the fact that, while antibiotics clear the middle ear of the bacterial infection, fluid sometimes remains in the middle ear space that can result in a chronic secretion or effusion.
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Since middle ear effusion is thought to be related to decreased language and academic learning, early identification must be regarded as critical. The handicapping effects of hearing loss associated with middle ear effusion have been well-documented (Holm and Kunze, 1969; Needleman, 1977; Northern, 1984) .
In a carefully controlled study, Holm and Kunze (1969) compared two groups of 5-9 year old children. One group had a history of middle ear disease prior to age 2, while the control group had no history of any medical problems.
Upon examination through a battery of tests requiring the processing of auditory stimuli, the otitis group scored significantly lower, while there was no difference in test scores from a battery of tests requiring the processing of visual stimuli only.
Beal (1972) Thus, the lack of agreement on the criteria for hearing loss has made it impossible to determine the prevalence of children with a handicapping hearing loss (Northern and Downs, 1984) . Beyond this, the identification of such children is either a task not attempted due to lack of standards, or it represents a subjective effort dependent upon an examiner's individual criteria. Perhaps most important is the fact that traditional pure tone techniques for screening hearing fail to identify numerous individuals who have a slight hearing loss.
The necessity for a more inclusive screening program arises from these concerns.
USE OF IMPEDANCE IN SCHOOL SCREENING PROGRAMS
The current state of affairs in school screening programs is to include impedance testing in the protocol. The impedance technique is well-suited for use with children since it requires little cooperation, provides objective results, and is easily administered (Northern and Downs, 1984) . Brooks (1968 Brooks ( , 1969 Brooks ( , 1973 Brooks ( , 1975 Brooks ( , 1980 repeatedly provided evidence and rationale for the use of acoustic impedance measurement in conjunction with the standard pure tone screening for the school-age population. ASHA currently provides guidelines which outline referral criteria based on results of pure tone air conduction and impedance testing.
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Opponents to the use of impedance testing in school screening programs base their concerns on the validity of impedance testing, or the false identification of individuals who do not have middle ear disease (Northern and Downs, 1984) . Data describing daily fluctuations in middle ear pressure of school-age children were outlined by deJonge and Cummings (1985) . In this study, the results demonstrated a large variability in middle ear pressure. A range of + or -95% representing approximately 150 daPa was noted in kindergarten students when tested over a consecutive three and one-half day period. These results suggest that caution should be exercised in interpreting negative middle ear pressure since this degree of daily fluctuation can cause an ear to be passed or failed on a screening program criterion.
As described previously, the maximum incidence of ear pathology declines by 15% as a child matures from age 2 to age 11 (Kessner, 1974 Middle ear pressure is measured in relation to whatever the atmospheric pressure is at the time of testing. A measurement of "O daPa" indicates the pressure in the middle ear tympanum is the same as the air pressure outside of the tympanic membrane. If the middle ear pressure is negative, pressure within the tympanum is less than the ambient pressure. If the pressure is positive, it is greater than atmospheric pressure.
Middle ear pressure is typically negative in children due to the anatomical and physiological differences between children and adults. When 
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The Eustachian tube and its function matures from birth through adulthood in more ways than just the development of cranio-facial structures and the slope orientation. Some of the less well-known changes include differences in cartilage and muscle as they relate to the ostium of the Eustachian tube. Research repeatedly has indicated that the ostium of the Eustachan tube lies lower in the nasopharyngeal vault in children than it does in adults. According to Holborow (1970) , the tubal cartilage lies more in the plane of the base of the skull, unlike the adult tubal cartilage which lies at right angles to this plane. The medial laminae of the cartilage is relatively shorter and the levator palati muscle is separated by a considerable distance from the cartilage. There are also considerable changes in the amount of glandular tissue around the tube which decreases with age. Holborow continues to say that these changes occur from birth to age 7-years, during which time the tensor palati muscle is the only active muscle concerning Eustachian tube function.
Results of the present study are consistent with the physiological changes reported by Holborow (1970) . It has been shown that there is a significant difference in the variability in middle ear pressure between the firstand sixth-grade groups, roughly corresponding to the 6-and 11-year old age groups respectively. It is possible that these differences between the two age groups studied may be attributed to the anatomical and physiological changes described by Holborow and other researchers.
A hearing conservation program in the schools should not be solely dependent upon pure tone air conduction threshold measurements as a basis for referring other tests. The status of the middle ear space, particularly in the younger child, may be less than optimal even though the hearing test results are normal. Feldman (1977) agreed with many other researchers in saying that children will typically have more problems with otitis media and periodic
Eustachian tube blockage and subsequent tympanic membrane retraction than adults. These conditions will modify the middle ear pressure, but not necessarily impair the hearing of the child. This has been found true in this study, where all the children maintained normal hearing of 0-15 dB HL
thresholds, yet the variability and absolute values of middle pressure were found to decrease as the child matures. Therefore, a hearing test alone will not indicate the physiological status of the child, particularly a young child who has had bouts of recurrent otitis media. Subsequently, appropriate medical referrals may be overlooked.
CONCLUSION
Because of the variability of middle ear pressure found in this study, a correlation is apparent with the findings of the Nashville Task Force of 1977, which was presented in an article by Bess (1980 
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The committee is satisfied that your provisions for protecting the rights and welfare of all subjects participating in the research are adequate and therefore the project is approved. Any conditions relative to this approval are noted below:
Modification of Consent Letter Re: Parents Consent Letter needs to be written in simpler, much less technical language. Child's Consent Letter recommended not to use words "audiologist", "tympanogram", etc. This study can be accomplished by the following: I will test your child's hearing by use of pure tone air conduction audiometry during school on the first day of the investigation. Should your child meet the criterion for "normal hearing," he/she may be considered a candidate for the remainder of the study. During the course of the next three days, your child will have a tympanogram performed for the right and left ears each hour for a consecutive seven hours throughout the school day. Neither the pure tone audiometry nor the tympanometry is physically harmful to your child.
The pure tone air conduction testing will take approximately 5 minutes. Each of the tympanometry testing will take approximately 20 seconds. In no way will your son/daughter's name be used in reporting the results of this study. You may withdraw from this study at any time.
If there are any questions or problems regarding any aspect of this study, I may be reached at the Oregon Health Sciences University at 279-8510. Please sign below indicating your approval. If you are interested in the results please indicate below and I will send an abstract of the results of the study. This will require approximately 6 months from the time of the investigation.
Thank you for your help. My name is . Susan Henry has asked me to help her finish a project at her school where she is studying to be an Audiologist. My part in the project is to have my hearing tested under headphones on one day, and have a tympanogram done each hour during school for the next three days. Susan Henry will walk me from my classroom on the first day to a very quiet room to test my hearing and then take me back to my class when I am finished. This will take about 5 minutes. During the next three days, Susan Henry will come to my classroom and ask me to come to a desk where she will have a tympanometer. This means she will put a small soft plug in my ears and it will feel like I am going up and down in an elevator. Susan Henry will do this each hour for seven hours throughout the day. Each time it will take about 20 seconds. I know it may be frustrating to leave my activity for the 20 seconds each hour but I know it will not harm me physically in any way.
Susan
My part in the project may help the hearing screening programs in all schools.
If I decide not to be a part of this project, it will not change anything at school for me. If I don't want to do it no one will be mad at me and my grades will not be any different.
Susan Henry has told me she will help me if I don't understand or have any questions about her project. I know that if I change my mind and do not want to finish my part in the project I can stop at any time.
I am signing my name below to tell Susan Henry that I will help her finish her project, and that I understand everything that is said in this letter. 
SIGNATURE

